
- CA- ON O -, S PAGE ~ilIii

ie REPORT SEC6RTY CLASSIFICATI Ej J.LI SU ME ADI-A222 345
(U) N/A

2a SECuRTY CLASSIFICATION AUTH D 3 DISTRIBUTION/AVAILABILITY OF REPORT
N/A Distribution unlimited

2b DECLASSFCATiON , DON(-SED
N/A

4 PERFORNG ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)

University of Maryland, College Park N/A

6a NAME OF PERFORMING ORGANIZATION 6Gb OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
(If applicable)

University of Maryland N/A Office of Naval Research
6c ADDRESS (City, State, and ZIP Code) 7b ADDRESS (City, State, and ZIP Code)

Department of Chemistry & Biochemistry 800 N. Quincy Street
College Park, Maryland 20742 Arlington, Virginia 22217-5000

8a \AE OF FLD,NG,1 SPONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATIOr: NUMBER
ORGANIZATION (If applicable)
Office of Naval Research ONR N00014-88-K-0323

8c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
800 North Quincy Street PROGRAM PROJECT TASK WORK UNIT
Arlington, Virginia 22217-5000 ELEMENT NO NO NO ACCESSION NO

61153N 1141MB 1441N009-01
11 TTLE (Include Security Classification)

Macromolecular Calculations for the XTAL-System of Crystallographic Programs

12 PERSO'AL AjTHOR(S)

Stewart, James M.
13a TYPE OF REPORT 13b TIME COVERED 114. DATE OF REPORT (Year, Month, Day) 115 PAGE COUNT

Annual I FROM j!/8_9 TO53 L/901 1990, May, 24 4
16 SJPPLEVENTARY NOTATION

Prepared in collaboration with K.B. Ward and D.M. Collins at the Naval Research Laboratory
(Code 6030). See attached summary and preprints.

17 COSATI CODES 18'SUBJECT TERMS. enei ir.tevete Ff necesary and-identify by block number)
FIELD GROUP SUB-GROUP Macromolecular crystallography, Protein crystallography,

Crystallographic computing, Computing for molecular
biology .*7 , t .

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

*-During the last year effort has been concentrated on the completion of two programs to
carry out least-squares refinement of macromolecules which preserve canonical stereo-
chemistry. In addition, two other programs were completed, documented and placed in
the XTAL system. In the coming year testing, debugging, and documentation will continue
and a new program for crystallographic phase determination by maximum entropy methods
will be written and tested. In addition three new links which should speed up the
least-squares refinement process by approximately two orders of magnitude will be developed.

20 DISTRIBUTION/AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATiON
[29 UNCLASSIFIED/UNLIMITED 0 SAME AS RPT. I DTIC USERS (U)

22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c OFFICE SYMBOL
I Dr. Michael Marron 1 202-696-4760 1 ONR

DO FORM 1473, P4 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE
All other editions are obsolete.



DATE: 22 May 1990

ANNUAL REPORT ON CONTRACT ONR N00014-88-K-0323

PRINCIPAL INVESTIGATOR: James M. Stewart

CONTRACTOR: University of Maryland - Code 07419

CONTRACT TITLE: Macromolecular Calculations for the XTAL
System of Crystallographic Computer Programs

CONTRACT PERIOD: 1988 June 1 through 1991 May 31

RESEARCH OBJECTIVE: To produce, within the XTAL system of
crystallographic computer programs, codes, documentation and tests
for macromolecular crystallographic calculations.

This project is being carried out in collaboration with K. B. Ward
and D. M. Collins of the Naval Research Laboratory (Code 6030).

During the last year, the implementation and documentation of
least-squares refinement programs for macromolecular crystals has
been completed. The documentation which has been generated for
programs completed during the 1989/1990 year is included in the
XTAL version 3.0 manual which will be distributed in September
1990. Preprints are attached to this report. The following brief
description indicates the nature of the six programs which have
been completed and documented and for which a simulated data test
case has been prepared:

PROTIN: A program to read "constraint information" to describe the
elements of a macromolecular crystal structure. This information,
for example, can be the idealized coordinates for all the amino
acids. This program is a translation of the Hendrickson-Konnert
program by the same name. The purpose of this program when used
in conjunction with PROLSQ is to preserve canonical
stereochemistry.

PROLSQ: A program to do constrained least-squares refinement of
the positional and thermal parameters of a macromolecular
structure. This program is a translation into XTAL of the
Konnert-Hendrickson program by the same name.

Two small service programs to support ongoing structure work were
also written and documented, PHACMP and REFOUT. PHACMP allows a
user to compare one reflection phase set with another on a
statistical basis. REFOUT allows the user to transfer reflection
information from the XTAL format to another in order to communicate
with other programs available.

In additior to the programs PROTIN and PROLSQ prepared under this



ONR grant, two other programs for XTAL have been received for
testing and distribution from Dr. Keith Watenpaugh of The Upjohn
Co. in Kalamazoo MI. As a part of a cooperative effort Dr.
Watenpaugh has produced the programs PRECED and CEDAR which will
refine macromolecules by a different algorithm than that used in
PROTIN/PROLSQ. Whereas PROTIN/PROLSQ constrains atomic parameters
based on geometric considerations, PRECED constrains based on
intermolecular repulsion and attraction. Thus the two methods
supplement one another.

Dr Watenpaugh also supplied several other service programs for
inclusion which will not be described here.

Work is continuing on test cases using ideal simulation data for
the purpose of verifying the correctness of the programs written
for macromolecular structure determination.

Work has begun on a program MESIGN which uses a maximum entropy
algorithm for the ab-initio determination of crystallographic
phases. This algorithm is based on the work of D. Collins at the
Naval Research Laboratory and E. Prince at the National Institute
for Science and Technology. This program shows great promise and
should, if the method proves applicable, have a profound impact on
protein crystal structure analysis.

The following preprints for the programs PROTIN, PROLSQ,
PHACMP, and REFOUT will be included in the XTAL 3.0 system
User's.Manual by S.R. Hall and J.M. Stewart. This edition of the
XTAL system is being distributed through Dr. S. R. Hall,
Crystallography Centre, University of Western Australia, Nedlands
6009.
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